The gastrointestinal tract comes into direct contact with environmental agents, including bacteria, viruses, and foods. Intestinespecific subsets of immune cells maintain gut homeostasis by continuously sampling luminal antigens and maintaining immune tolerance. CD11c
+ cells sample luminal antigens in the small intestine and contribute to the trafficking of bacteria to lymph nodes under dysbiotic conditions. The molecular mechanisms crucial for the differentiation of CD11c T he intestinal mucosa comes into direct contact with a complex environment that includes both foods and microorganisms. Consequently, it has unique subsets of immune cells to protect the host (1) (2) (3) (4) , and complex immunoregulatory mechanisms determine the immune tolerance to commensal microbes and food antigens (2, 4) .
Dendritic cells (DCs) and macrophages in the intestine are required for sensing the presence of invading pathogens. The lamina propria (LP) contains a variety of DCs and macrophage subsets. One such subset expresses integrin αE (CD103) and has the ability to drive IL-17-producing T cells (5, 6) . The CX3C chemokine receptor 1 (CX 3 CR1) + cells that express integrin αX (CD11c) and a macrophage marker, F4/80 but not CD103 are crucial for the sampling of luminal antigens through their use of projecting dendrites that penetrate the epithelial cell layer (7) (8) (9) . Furthermore, CD11c
+ CX 3 CR1 + cells are involved in the trafficking of commensal bacteria into mesenteric lymph nodes in the absence of Myd88 or under dysbiotic conditions (10) and transfer the luminal soluble antigen to integrin αM (CD11b)
CD103
+ DCs via the gap junction to induce oral tolerance (11) . The exact molecular mechanism that controls the development or differentiation of CD11c + CX 3 CR1 + cells remains unclear. Rbpj is a transcriptional regulator required for Notch signaling (12) . Accumulating evidence indicates that Notch signaling is crucial for the development of immune cells and for the functional differentiation of T cells (12) (13) (14) (15) (16) (17) (18) (19) . Recent studies have revealed that Notch signaling also regulates the development of DCs in the spleen and intestine (20) (21, 22) . These data indicate that Rbpj regulates the survival of CD8
− DCs in the spleen and that Notch2 signaling controls CD11b + CD103 + DCs in the intestinal LP. A recent study has revealed that Notch2-regulated intestinal DCs produce IL-23 required for controlling Citrobacter rodentium (22) . In addition to the development or differentiation of DCs, Notch plays an important role in the activation of DCs and macrophages (23, 24 + cells and suggest that Notch signaling has a complex role in maintaining repertoires of intestinal antigen-presenting cells.
Results

Deficiency of Rbpj in CD11c
+ Cells Reduces CD11c
To reveal the involvement of Notch signaling in the development of CD11c (Fig. 1C) . In contrast, the expression of CD86 (Fig. 1C) and CD68 (Fig. 1A) 
CD103
+ DCs, macrophages, and eosinophils, respectively (5) . The R3 population expresses MHC class II (Fig. S3B) , and about 90% of the R3 population is positive for CX 3 CR1 and F4/80 (Fig. S3C) (Fig. S3C) , indicating that the R5 population is almost identical to CD11c low CX 3 CR1 + cells. A previous study revealed that the R3 population secretes IL-10, which is involved in the low T-cell-stimulatory activity of this population (25, 26) . We tested the mRNA expression of Il10 in R1-R4 populations from control mice and in the R5 population from Rbpj −/− mice. As previously reported, the R3 (CD11c + CX 3 CR1 + ) population expressed Il10 at a high level, and the R5 (CD11c low CX 3 CR1 + ) population also expressed substantial levels of Il10 mRNA (Fig. 1D) .
To compare the antigen-capturing activity of CD11c (Fig.  3A) . The N1-KO mice, the N2-KO mice, and N1/N2-DKO mice had increased numbers of CD11c low CX 3 CR1
+ cells with higher FSC and SSC (Fig. 3A) that expressed higher levels of CD86 than control cells (Fig. 3B) . In contrast, the R3 (CD11c + CX 3 CR1 + ) population in Notch3-deficient mice was comparable to that in wild-type mice (Fig. 3C and Fig. S6A) . A previous report (21) showed that Notch2 controls the development of CD11b + CD103 + DCs. We also found that numbers of CD11b
+ DCs in small intestine were reduced in N2-KO and N1/N2-DKO mice (Fig. S6B) . In contrast, the number of CD11b
+ DCs is partially decreased in Rbpj
:CX 3 CR1 mice ( Fig. S3A and Fig. S6B) , and there was no significant reduction of CD11b + CD103 + DCs in N1-KO mice (Fig. S6B) We sought to assess the Notch ligands that regulated the development of CD11c
+ cells. We first assessed the expression of Delta-like 1 (Dll1) in the small intestine. To assess the expression of Dll1, we used mice in which Dll1 was deleted by Vil1-Cre (Dll1 f/f -Vil mice) and control mice. We found that Dll1 is expressed in the crypt base where precursors of intestinal epithelial cells are present in control Dll1 f/+ -Vil mice (Fig. 3D) . This result was confirmed by the absence of Dll1 staining in the small intestine from Dll1 f/f -Vil mice (Fig. 3D) . To evaluate the expression pattern of Vil1-Cre, Vil1-Cre mice were crossed with CAG-CAT-GFP (Vil-CAG) mice, in which GFP expression was directed upon Cre-mediated excision of the loxP-flanked chloramphenicol acetyltransferase gene located between the CAG promoter and Gfp. The expression of Vil1-Cre was restricted to the crypt base and intestinal epithelial cells (Fig. 3E) . However, the numbers of the R3 (CD11c
f/fVil mice were comparable to those in control mice (Fig. 3F ). These results demonstrate that Dll1 expression on intestinal epithelial cells is not required for the development or differentiation of CD11c + CX 3 CR1 + cells. The numbers of the R3 (CD11c
f/f -Vil mice, in which Jagged1 was deleted by Vil1-Cre, also were comparable to those in control mice (Fig. S6C) .
Intrinsic Notch Signaling Is Required for CD11b
We asked whether the deletion of (C) LP cells from the small intestine were isolated from Notch3-deficient mice. Cells were stained with antibodies against CD11c and CD11b, and their expression was evaluated. The gating strategy was the same as in 
Discussion
The intestine is in continuous contact with both pathological and beneficial commensal bacteria (2, 4, 28) . Epithelial cell recognition of such microorganisms is required for the maintenance of immune homeostasis in the gut (4, 28) . CD11c + CX 3 CR1 + cells contribute to the sampling of intestinal antigens (7-9), and they are crucial for the trafficking of bacteria to lymph nodes under dysbiotic condition (10 + cells in dysbiosis-mediated pathological bacterial infections and oral tolerance by targeted inhibition of Notch signaling.
Methods
Mice. C57BL/6 mice (6-to 8-wk-old) were purchased from Japan SLC. (34) and Jagged1 flox/flox (35) mice were previously described. All mice were maintained under specific pathogen-free conditions in the animal facilities at the University of Tokushima, Japan. All experiments were performed in accordance with institutional guidelines for animal care at the University of Tokushima.
Statistical Analysis. For all experiments, the significant differences between groups were calculated using the Mann-Whitney u test for unpaired data. Differences were considered significant when P < 0.05. Other methods are described in SI Methods.
